
�

=HKM>:JKL<?GGUCG:MQGUC P?GLJ JHKKBCKDHCN?>?J:PBB

BGKLBLML NBABDB <UKHDBO WG?J=BC

BN<W �������
HWN

������������	���
�������
���	������������	��������
���
��

�����������
��	��
������	
��
���������

����������
��
�
���	�

��������������������������������� �

�����������	
�������
��
������
������
�� ����������������
����

�������
�����

�������������



M>D �������� F���

:gghlZpby

;h]^Zgh\Z =�:� b ^j� Kl_g^ ^ey baf_j_gbc dj_fgb_\uo kq_lqbdh\ \_jrbggh]h ^_l_dlhjZ mklZgh\db

K<>� Ij_ijbgl BN<W �������� ± Ijhl\bgh� ����� ± � k�� � jbk�� � lZ[e�� [b[ebh]j�� ��

HibkZgZ mklZgh\dZ ^ey ijh\_^_gby kl_g^h\uo bkiulZgbc b dhgljhey dZq_kl\Z fbdjhkljbih\uo

dj_fgb_\uo ^_l_dlhjh\� Hkgh\gu_ oZjZdl_jbklbdb baf_jyxlky ijb h[emq_gbb kqzlqbdh\ E�bklhqgbdhf

6U
��
� Ijb\_^_gu j_amevlZlu baf_j_gbc� ihemq_ggu_ ijb ih^]hlh\d_ q_lujzo ^_l_dlhjh\ d jZ[hl_ \ f_lh�

^bq_kdhf k_Zgk_ �Zij_ev ���� ]�� mklZgh\db K<>�

����	
��

%RJGDQRYD *�$� HW DO� 7KH VWDQG IRU WKH PHDVXUHPHQWV RI YHUWH[ GHWHFWRU VLOLFRQ FRXQWHUV RI 69' VHW XS� ,+(3

3UHSULQW �������� ± 3URWYLQR� ����� ± S��� ILJ� �� WDEOHV �� UHIV�� ��

7HVW EHQFK IRU WKH TXDOLW\ FKHFN RI VLOLFRQ PLFURVWULS GHWHFWRUV LV GHVFULEHG� 7KH PHDVXUHPHQWV DUH EDVHG

RQ WKH LUUDGLDWLRQ RI GHWHFWRUV E\ E�VRXUFH 6U
��
� )RXU GHWHFWRUV KDYH EHHQ SUHSDUHG IRU WKH EHDP UXQ RI WKH 69'

VHWXS �$SULO ������ 7KH UHVXOWV RI PHDVXUHPHQWV DUH SUHVHQWHG�

� =hkm^Zjkl\_gguc gZmqguc p_glj

Jhkkbckdhc N_^_jZpbb

Bgklblml nbabdb \ukhdbo wg_j]bc� ����
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GZqbgZy k ���� ]� dheeZ[hjZpb_c GBBYN F=M b BN<W ijhba\h^blky jZajZ[hldZ b

kha^Zgb_ gh\h]h ij_pbabhggh]h \_jrbggh]h ^_l_dlhjZ �I<>� mklZgh\db ©Ki_dljhf_lj k <_j�

rbgguf >_l_dlhjhfª �K<>� BN<W >�@� Kh]eZkgh ijh_dlm� I<> khklhbl ba ljzo qZkl_c� \ kh�

klZ\ dhlhjuo \oh^yl �� fbdjhkljbih\uo dj_fgb_\uo ^_l_dlhjh\ �FD>�� Bo hkgh\gu_ ijh_dl�

gu_ oZjZdl_jbklbdb ijb\_^_gu \ lZ[e���

LZ[ebpZ �� Hkgh\gu_ oZjZdl_jbklbdb dj_fgb_\uo ^_l_dlhjh\ I<>�

QZklv I<> >_l_dlhj

�

Dhe�\h

^_l_dlhjh\

JZaf_j�

ff

RZ] kljb�

ih\� fdf

Dhe�\h

kljbih\

Imqdh\Zy FD>��� � ��� �� ���

Ljb]]_jgZy FD>���

FD>����
FD>�����
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Lj_dh\Zy FD>����� � �� �� ����

H[s__ dhe�\h �� ����

D gZklhys_fm \j_f_gb iheghklvx jZajZ[hlZgZ� ijhba\_^_gZ b bkiulZgZ \ k_ZgkZo gZ

imqd_ mkdhjbl_ey f_oZgbq_kdZy dhgkljmdpby I<> >�@� JZajZ[hlZgZ kbkl_fZ ljb]]bjh\Zgby�

kqblu\Zgby ^Zgguo b kbgojhgbaZpbb \_jrbggh]h ^_l_dlhjZ� < ��������� ]]� jZajZ[hlZgu b \

hkgh\ghf ijhba\_^_gu fh^meb ij_^mkbebl_e_c b Zfieblm^gh]h ZgZebaZ >�@� GZqbgZy k ���� ]�

khljm^gbq_kl\hf GBBYN F=M b :HHL ©WEF:ª ijhba\_^_gh g_kdhevdh iZjlbc dj_fgb_\uo

^_l_dlhjh\� Bkihevam_fZy l_ogheh]by b kbkl_fZ l_klbjh\Zgby >�@ ]ZjZglbjm_l ohjhr__ dZq_kl�

\h ^_l_dlhjh\ b \ukhdbc ijhp_gl \uoh^Z ]h^guo ba^_ebc�

FD> dZd k[hjhqgZy _^bgbpZ \_jrbggh]h ^_l_dlhjZ ij_^klZ\ey_l kh[hc k[hjdm >�@� kh�

klhysmx ba eZlmggh]h dhevpZ ^bZf_ljhf a�� kf� \ dhlhjh_ \de__gZ kl_dehl_dklheblh\Zy ieZ�

lZ� GZ wlhc ieZl_ \ ki_pbZevghf m]em[e_gbb \de__gZ d_jZfbq_kdZy ih^eh`dZ k dj_fgb_\uf

^_l_dlhjhf� Kde_b\Zgb_ we_f_glh\ FD> ijhba\h^blky ih^ fbdjhkdhihf ^ey h[_ki_q_gby g_�

h[oh^bfhc lhqghklb hjb_glZpbb kljbih\�

Kb]gZevgu_ iehsZ^db kljbih\ jZa\Zjb\Zxlky gZ khhl\_lkl\mxsb_ we_dljh^u d_jZfb�

q_kdhc ih^eh`db Zexfbgb_\hc ijh\hehdhc� LZdbf `_ kihkh[hf ijhba\h^blky kh_^bg_gb_ dhg�

lZdlguo iehsZ^hd gZ i_jbn_jbb ih^eh`db b we_dljh^h\ kl_dehl_dklheblh\hc ieZlu� >Ze__

kb]gZeu \u\h^ylky gZ \g_rgxx h[eZklv ieZlu� ]^_ ijhba\h^blky jZkiZcdZ \bluo iZj kb]gZe�

a_fey� K ijhlb\hiheh`ghc klhjhgu �� iZju ^ebghc ����� kf ijbiZb\Zxlky d jZatzfm�
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;hevrh_ dhebq_kl\h we_dljbq_kdbo kh_^bg_gbc \ FD> ijb\h^bl d g_h[oh^bfhklb ijh�

\_jdb ebgbc gZ aZfudZgby b h[ju\u� GZ gZqZevghf wlZi_ wdki_jbf_glZ lZdZy ijh\_jdZ ijhba�

\h^beZkv g_ ba]hlh\bl_e_f k[hjhd FD> �khljm^gbq_kl\h GBBL:I� ]� A_e_gh]jZ^ b GBBYN

F=M�� Z hkms_kl\eyeZkv ihke_ i_j_^Zqb k[hjhd \ BN<W� Djhf_ lh]h� ijb ih^]hlh\d_ FD> d

jZ[hl_ \ khklZ\_ mklZgh\db g_h[oh^bfh ijh\h^blv baf_j_gby b ki_pbnbdZpbx bo hkgh\guo

iZjZf_ljh\� i_j_qbke_gguo \ ]eZ\_ �� Ijb ^ebl_evghc wdkiemZlZpbb mklZgh\db g_h[oh^bf i_�

jbh^bq_kdbc dhgljhev jZ[hlhkihkh[ghklb we_f_glh\ I<>� >ey wlbo p_e_c [ue jZajZ[hlZg b

kha^Zg baf_jbl_evguc kl_g^� hibkZgguc \ ]eZ\_ �� >ey ijh\_^_gby f_lh^bq_kdbo k_Zgkh\ gZ

imqd_ M��� \ ���� ]� [ueb ijhba\_^_gu ^_l_dlhju ljb]]_jghc qZklb I<>� < ]eZ\_ � ijb\_^_gu

j_amevlZlu kl_g^h\uo bkiulZgbc g_dhlhjuo ba wlbo ^_l_dlhjh\�

����� !�����"�#$�$%����&��%�
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>ey hp_gdb dZq_kl\Z b jZ[hlhkihkh[ghklb FD> g_h[oh^bfh hij_^_eblv ke_^mxsb_ oZ�

jZdl_jbklbdb ^_l_dlhjZ�

x Dhebq_kl\h ©f_jl\uoª kljbih\� IjbqbgZfb g_jZ[hlZxs_]h kljbiZ fh]ml [ulv jZa�

ebqgu_ gZjmr_gby ijb ijhba\h^kl\_ dj_fgb_\hc ieZklbgu� Z lZd`_ [jZd ijb ihke_�

^mxs_c jZa\Zjd_ ijh\hehq_d beb jZkiZcd_ jZatzfh\� Hlkmlkl\b_ dhglZdlZ beb gZeb�

qb_ aZfudZgby fh`_l [ulv hij_^_e_gh ih baf_j_gbx bfi_^ZgkZ klZg^Zjlguf /5&�

f_ljhf�

x Ijh[hb jZa^_ebl_evgh]h hdkb^gh]h kehy �SLQKROH�� Ijh[hc hij_^_ey_lky ih gZebqbx

ihklhyggh]h lhdZ \ p_ib kljbiZ� < mkeh\byo ghjfZevgh]h hk\_s_gby lhd ml_qdb ^hk�

lZlhqgh \_ebd ^Z`_ ijb gZijy`_gbb kf_s_gby ^_l_dlhjZ \ g_kdhevdh \hevl� lZd qlh

ijh[hc fh`_l [ulv b^_glbnbpbjh\Zg ijb baf_j_gbb khijhlb\e_gby f_`^m kb]gZev�

guf \u\h^hf b h[jZlguf we_dljh^hf ^_l_dlhjZ� LZdb_ baf_j_gby ijhba\h^bebkv

klZg^Zjlguf eZ[hjZlhjguf fmevlbf_ljhf� :evl_jgZlb\guf f_lh^hf hij_^_e_gby

ijh[hy y\ey_lky baf_j_gb_ khijhlb\e_gby f_`^m kljbihf �lZd`_ kh klhjhgu kb]�

gZevgh]h \u\h^Z� b h[s_c rbghc kf_s_gby�

x K[hj bhgbaZpbhggh]h aZjy^Z� Hij_^_ey_lky ijb h[emq_gbb ^_l_dlhjZ E�bklhqgbdhf�

Wlh gZb[he__ ljm^hzfdZy qZklv bkiulZgbc b ^ey _z ijh\_^_gby ihlj_[h\Zehkv kha�

^Zgb_ baf_jbl_evgh]h kl_g^Z� hibkZggh]h \ ke_^mxs_c ]eZ\_�

Ijb hij_^_e_gbb bhgbaZpbhggh]h aZjy^Z ijhba\h^blky ljb pbdeZ baf_j_gbc�

���DZeb[jh\dZ we_dljhgbdb� GZ \oh^u ij_^mkbebl_e_c *$66,3/(; ih^Zxlky l_klh�

\u_ kb]gZeu b hij_^_eyxlky \_ebqbgu rmfZ� iv_^_klZeZ� b mkbe_gby dZ`^h]h dZ�

gZeZ�

���Hij_^_e_gb_ jZ[hq_]h gZijy`_gby FD>� P_gljZevgZy qZklv ^_l_dlhjZ h[emqZ_lky

E�bklhqgbdhf� b hij_^_eyxlky Zfieblm^u kb]gZeh\ ijb jZaebqguo agZq_gbyo gZ�

ijy`_gby kf_s_gby�

���Hij_^_e_gb_ wnn_dlb\ghklb kljbih\� Ijhba\h^blky kdZgbjh\Zgb_ jZ[hq_c h[eZklb

^_l_dlhjZ E�bklhqgbdhf ijb gZijy`_gbb ihegh]h h[_^g_gby� Hij_^_ey_lky hldebd

dZ`^h]h kljbiZ \ _^bgbpZo bhgbaZpbhggh]h aZjy^Z�

Djhf_ i_j_qbke_gguo \ur_ baf_j_gbc� \ aZ^Zqb kl_g^Z gZ i_j\hf wlZi_ wdki_jbf_glZ

\oh^beZ ijh\_jdZ ijZ\bevghklb \u[jZgghc dhgkljmdpbb FD>� ko_fu ih^\h^db gZijy`_gby

kf_s_gby ^_l_dlhjZ� hj]ZgbaZpbb aZa_fe_gbc� Z lZd`_ ko_fu ljZgkihjlbjh\db kb]gZeZ hl ^_�

l_dlhjZ ^h ij_^mkbebl_ey�
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Ko_fZ baf_jbl_evgh]h kl_g^Z ijb\_^_gZ gZ jbk� �� < khklZ\ kl_g^Z \oh^yl�

x Dhgkljmdpby� h[_ki_qb\ZxsZy dj_ie_gb_ FD> b _]h wdjZgbjh\dm �we_dljhfZ]gblgmx b

hilbq_kdmx�� dj_ie_gb_ ljb]]_jgh]h kpbglbeeypbhggh]h kq_lqbdZ� dj_ie_gb_ b ij_pbab�

hggh_ i_j_f_s_gb_ E�bklhqgbdZ rZ]h\uf ^\b]Zl_e_f�

x <kihfh]Zl_evgu_ kbkl_fu� bklhqgbdb gZijy`_gbc iblZgby ij_^mkbebl_e_c� FD> b NWM�

mijZ\e_gb_ rZ]h\uf ^\b]Zl_e_f�

x We_dljhgbdZ kqblu\Zgby b ljb]]bjh\Zgby� dj_cl D:F:D k dhgljhee_jhf� fh^meyfb Zf�

ieblm^gh]h ZgZebaZ �[ehd :: gZ jbk���� fh^meyfb dZeb[jh\db �DF� b klZg^Zjlgufb fh^m�

eyfb �nhjfbjh\Zl_eb� ko_fZ kh\iZ^_gbc b l�i�� ^ey kpbglbeeypbhggh]h kq_lqbdZ �LK��

x IW<F k kbkl_fhc k[hjZ ^Zgguo�

>h gZklhys_]h \j_f_gb kl_g^ bkihevah\Zeky ^ey l_klbjh\Zgby lhevdh FD> imqdh\hc b

ljb]]_jghc qZkl_c I<>� l�d� lj_dh\Zy qZklv gZoh^blky \ klZ^bb jZajZ[hldb� Ihwlhfm kl_g^ hk�

gZszg we_dljhgbdhc kqblu\Zgby ljb]]_jghc qZklb I<>� Fh^meb ij_^mkbebl_e_c b Zfieblm^�

gh]h ZgZebaZ� Z lZd`_ [ehdb ij_h[jZah\Zl_e_c mijZ\eyxsbo kb]gZeh\ jZajZ[hlZgu \ HW:

BN<W� :jobl_dlmjZ kbkl_fu k[hjZ ^Zgguo iheghklvx b^_glbqgZ �aZ bkdexq_gb_f ljb]]bjh�

\Zgby� kbkl_f_ k[hjZ jZajZ[hlZgghc ^ey K<>� Bkihevam_lky lh `_ ijh]jZffgh_ h[_ki_q_gb_�

Z^Zilbjh\Zggh_ d mf_gvr_gghfm dhebq_kl\m dZgZeh\�

Jbk� �� Ko_fZ baf_jbl_evgh]h kl_g^Z� R> ± rZ]h\uc ^\b]Zl_ev� *;�� ± fh^mev ij_^mkbebl_e_c�

;I< ± [ehd ij_h[jZah\Zgby mjh\g_c� :: ± fh^meb Zfieblm^guo baf_j_gbc� DF ± fh^mev dZeb[jh\db�

LK ± kbkl_fZ ljb]]bjh\Zgby�
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kb]gZeu

mijZ\e_gby
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Ijb we_dljhgguo baf_j_gbyo Zfieblm^u l_klh\uc kb]gZe \ujZ[Zlu\Z_lky \ dZeb[jh�

\hqghf fh^me_ b ih^Z_lky ihke_^h\Zl_evgh gZ dZ`^uc ba dZgZeh\ ij_^mkbebl_ey� :fieblm^Z

kb]gZeZ \Zjvbjm_lky \ ij_^_eZo jZ[hq_]h ^bZiZahgZ ������ lhq_d� b ih baf_j_gguf agZq_gbyf

\hkklZgZ\eb\Zxlky \_ebqbgu iv_^_klZeZ b mkbe_gby� Ijb baf_j_gbb iv_^_klZeZ hij_^_ey_lky

lZd`_ \_ebqbgZ rmfZ� Bklhqgbdhf ljb]]_jZ \ ^Zgghf kemqZ_ y\ey_lky ]_g_jZlhj dZeb[jh\hq�

guo bfimevkh\� AZibkv kb]gZeh\ b bo kqblu\Zgb_ ijhba\h^blky _^bgh\j_f_ggh lhevdh ^ey h^�

gh]h ���dZgZevgh]h fh^mey ij_^mkbebl_e_c�

Ijb baf_j_gbb bhgbaZpbhgguo kb]gZeh\ k dj_fgb_\uo ^_l_dlhjh\ bklhqgbdhf ljb]]_�

jZ y\ey_lky kh\iZ^_gb_ bfimevkh\ k ^\mo NWM kpbglbeeypbhggh]h kq_lqbdZ� Ih ljb]]_jghfm

kb]gZem ijhbkoh^bl aZibkv \h \k_o ij_^mkbebl_eyo b ihke_^mxsZy hpbnjh\dZ \ fh^meyo Zf�

ieblm^gh]h ZgZebaZ� jZ[hlZxsbo \ j_`bf_ gZ[hjZ nbabq_kdbo ^Zgguo� Ih aZ\_jr_gbb kqblu�

\Zgby ^Zggu_ i_j_^Zxlky \ dhfivxl_j� H^bg pbde baf_j_gbc aZdexqZ_lky \ gZ[hj_ �� luk�

ljb]]_jh\ b aZgbfZ_l g_kdhevdh fbgml�

����� 2'(�$�)�� !�����*

Gb`_ ijb\_^_gu j_amevlZlu baf_j_gbc FD>��FD>���FD>�� b FD>�� �kf� lZ[e����

Dhwnnbpb_gl ij_h[jZah\Zgby we_dljhggh]h ljZdlZ hij_^_ey_lky ih dZeb[jh\hqghfm

kb]gZem b khklZ\ey_l a� hlkqzl :PI����� we_dljhgh\� <_ebqbgZ rmfZ hij_^_eyeZkv \ baf_jb�

l_evghf pbde_ ���� GZ jbk� � ijb\_^_gu \_ebqbgu rmfh\ ^ey iheh\bgu kljbih\ ^_l_dlhjZ

FD>��� ;hevrbgkl\h dZgZeh\ bf__l \_ebqbgm rmfZ ���±� hlkqzlZ :PI� qlh ijbf_jgh khhl�

\_lkl\m_l wd\b\Ze_glghfm rmfh\hfm aZjy^m ����±���� we_dljhgh\� WlZ \_ebqbgZ \ a��� jZaZ

ij_\urZ_l ki_pbnbdZpbx fbdjhko_fu *$66,3/(; >�@� Ihke_^mxsb_ bkke_^h\Zgby ihdZaZeb�

qlh ijbqbghc ba[ulhqguo rmfh\ y\eyxlky gZ\h^db hl kbkl_fu k[hjZ ^Zgguo� LZd dZd j_amev�

lbjmxsZy \_ebqbgZ rmfZ iha\hey_l gZ^z`gh \u^_eblv Zfieblm^guc ki_dlj qZklbp� lh gbdZ�

dbo f_j ih mf_gvr_gbx gZ\h^hd g_ ijbgbfZehkv�

Kljbi �

506� hlkq� :PI

Jbk� �� Kj_^g_d\Z^jZlbqgZy \_ebqbgZ rmfZ ^ey iheh\bgu dZgZeh\ FD>���
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<_ebqbgZ kh[jZggh]h bhgbaZpbhggh]h aZjy^Z hij_^_eyeZkv ih Zfieblm^ghfm ki_dljm

�kb]gZe aZ \uq_lhf iv_^_klZeZ� bg^b\b^mZevgh ^ey dZ`^h]h kljbiZ� H[eZklv aZk\_ldb jZ^bhZd�

lb\guf bklhqgbdhf ho\Zlu\Z_l [hevrh_ dhebq_kl\h kljbih\ ba�aZ m]eh\h]h jZkij_^_e_gby E�

qZklbp b bo fgh]hdjZlgh]h jZkk_ygby� Ijb hl\_jklbb dheebfZlhjZ � ff ^bZf_lj iylgZ ^hklb�

]Z_l �� ff� ihwlhfm ^hey ihe_aguo kh[ulbc \ h^ghf kljbi_ fZeZ b khklZ\ey_l a �������� ijb

rZ]_ kljbih\ �� fdf b \^\h_ f_gvr_ ijb rZ]_ �� fdf� >ey \u^_e_gby Zfieblm^gh]h ki_dljZ

qZklbp \ ]bklh]jZffm aZghkbebkv lhevdh kh[ulby k Zfieblm^hc� ij_\urZxs_c mklZgh\e_gguc

ihjh]� dhlhjuc [ue \u[jZg jZ\guf � 506 rmfZ� GZ jbk� � ijb\_^zg Zfieblm^guc ki_dlj g_�

kdhevdbo kljbih\ FD>�� \ p_gljZevghc qZklb h[eZklb h[emq_gby� Ibd \ e_\hc qZklb ]bklh�

]jZffu ^_fhgkljbjm_l hklZ\r__ky ihke_ h[j_aZgby rmfh\h_ jZkij_^_e_gb_ iv_^_klZeZ�

Ki_dlj gZ jbk� � iha\hey_l hij_^_eblv \_ebqbgm bhgbaZpbhggh]h aZjy^Z eb[h ih gZb[h�

e__ \_jhylguf ihl_jyf �iheh`_gb_ ijZ\h]h ibdZ�� eb[h ih kj_^gbf ihl_jyf� >ey ki_pbnbdZ�

pbb FD> [ue \u[jZg \lhjhc \ZjbZgl� l�d� \uqbke_gb_ kj_^g_]h g_ lj_[m_l nblbjh\Zgby ^Zg�

guo dZdhc�eb[h nmgdpb_c� >ey mf_gvr_gby \deZ^Z rmfh\ \ hij_^_e_gb_ \_ebqbgu bhgbaZpb�

hggh]h aZjy^Z mkj_^g_gb_ ih ]bklh]jZff_ ijhba\h^behkv� gZqbgZy k h[eZklb fbgbfmfZ jZk�

ij_^_e_gby �klj_edZ gZ jbk� ���

AZ\bkbfhklv kh[jZggh]h aZjy^Z hl gZijy`_gby kf_s_gby ^_l_dlhjZ hij_^_ey_lky h[tzf�

guf khijhlb\e_gb_f dj_fgby b lhesbghc ieZklbgu� >ey b^_Zevgh]h S�Q i_j_oh^Z lhesbgZ

h[_^gzggh]h kehy jZklzl dZd dhj_gv d\Z^jZlguc hl gZijy`_gby kf_s_gby� >ey dj_fgby Q�lbiZ

wlZ aZ\bkbfhklv hibku\Z_lky ke_^mxs_c nhjfmehc >�@�

�!+'��2�$����&/���3�

Jbk� �� :fieblm^guc ki_dlj g_kdhevdbo kljbih\ ba p_gljZ h[eZklb h[emq_gby FD>�� ijb

gZijy`_gbb kf_s_gby �� <�

������� ��� ��� �
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]^_ lhesbgZ : baf_jy_lky \ fdf� gZijy`_gb_ 9 ± \ <� Z m^_evgh_ khijhlb\e_gb_ dj_fgby U � \

N��kf� GZijy`_gb_ ihegh]h h[_^g_gby ijb lhesbg_ ieZklbgu ��� fdf khklZ\ey_l�

Ijb m\_ebq_gbb gZijy`_gby \u^_e_gguc bhgbaZpbhgguc aZjy^ jZklzl ijhihjpbhgZevgh : b

ijb iheghf h[_^g_gbb jhkl ij_djZsZ_lky� Bkihevamy ba\_klgu_ oZjZdl_jbklbdb dj_fgby� e_]�

dh ihemqblv aZ\bkbfhklv kj_^g_]h aZjy^Z hl gZijy`_gby kf_s_gby�

]^_ aZjy^ 4 baf_jy_lky \ we_dljhgZo� < fbdjhkljbih\uo ^_l_dlhjZo bhgbaZpbhgguc aZjy^

f_gvr_ q_f \_ebqbgZ ���� l�d� ijhbkoh^bl ^_e_gb_ aZjy^Z f_`^m khk_^gbfb kljbiZfb� Wlhl `_

wnn_dl ijb\h^bl d mrbj_gbx Zfieblm^gh]h ki_dljZ \ h[eZklb fZeuo kb]gZeh\� GZ jbk�� wlZ

h[eZklv \u^_e_gZ rljboh\dhc�

GZ jbk� � ihdZaZg baf_j_gguc aZjy^ �lhqdb� ^ey FD>�� b FD>�� < kemqZ_ FD>�� bk�

ihevah\Zebkv l_ `_ kljbiu� ^ey dhlhjuo ihemq_g ki_dlj gZ jbk��� L_hj_lbq_kdZy aZ\bkbfhklv

�ebgby� ^ey wlh]h ^_l_dlhjZ ihkljh_gZ ^ey m^_evgh]h khijhlb\e_gby dj_fgby U  �� N��kf� >ey

kjZ\g_gby ijb\_^_gZ lZd`_ aZ\bkbfhklv aZjy^Z hl gZijy`_gby ^ey FD> �� dhlhjuc bf__l rZ]

kljbih\ �� fdf� F_gvr__ agZq_gb_ kh[jZggh]h aZjy^Z h[tykgy_lky _]h ^_e_gb_f f_`^m [hev�

rbf dhebq_kl\hf kljbih\� L_hj_lbq_kdZy aZ\bkbfhklv ��� ^ey wlh]h ^_l_dlhjZ ihkljh_gZ ^ey

m^_evgh]h khijhlb\e_gby U  �� N��kf�
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Jbk� �� AZ\bkbfhklv bhgbaZpbhggh]h aZjy^Z hl gZijy`_gby kf_s_gby� baf_j_ggZy

^ey FD>� ��� b FD>�� ���� b l_hj_lbq_kdZy aZ\bkbfhklv �ebgbb��
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Ih aZ\bkbfhklb aZjy^Z hl gZijy`_gby kf_s_gby� baf_j_gghc ^ey \k_o kljbih\� hij_^_�

eyeZkv \_ebqbgZ jZ[hq_]h gZijy`_gby FD>� >ey \k_o ^_l_dlhjh\ hgZ \Zjvbjh\ZeZkv hl �� ^h

�� <� qlh khhl\_lkl\m_l h`b^Z_fhfm agZq_gbx gZijy`_gby ihegh]h h[_^g_gby ^ey ieZklbg k

m^_evguf khijhlb\e_gb_f �� ± �� N��kf�

Ijb baf_j_gbb bhgbaZpbhggh]h aZjy^Z ijhba\h^beky lZd`_ dhgljhev jZkij_^_e_gby ih

qbkem kjZ[hlZ\rbo kljbih\� NhjfZ wlh]h jZkij_^_e_gby hij_^_ey_lky ]_hf_ljbq_kdbfb oZjZd�

l_jbklbdZfb FD>� ^bnnmab_c we_dljhgh\ b ^ujhd ijb bo ^j_cn_ \ h[eZklb h[_^g_gby� m]eh�

\uf jZkij_^_e_gb_f bhgbabjmxsbo qZklbp b bo fgh]hdjZlguf jZkk_ygb_f \ dj_fgbb� >jm]hc

ijbqbghc ihy\e_gby kb]gZeZ gZ khk_^gbo kljbiZo y\ey_lky h[jZah\Zgb_ G�we_dljhgh\� ijh[_]

dhlhjuo fh`_l khklZ\eylv g_kdhevdh ^_kyldh\ fdf >�@� H`b^Z_fZy \_ebqbgZ kj_^g_]h dhebq_�

kl\Z kjZ[hlZ\rbo kljbih\ \ mkeh\byo kl_g^Z khklZ\ey_l a��� ijb rZ]_ kljbih\ �� fdf b a��� \

kemqZ_ �� fdf� GZ jbk� � ijb\_^_gu lbibqgu_ jZkij_^_e_gby ^ey ^\mo ^_l_dlhjh\ k jZaguf

rZ]hf kljbih\� DZd b h`b^Z_lky� jZkij_^_e_gb_ rbj_ ^ey FD> k rZ]hf �� fdf�

M\_ebq_gb_ qbkeZ kjZ[hlZ\rbo kljbih\ fh`_l ijhbkoh^blv ba�aZ f_`kljbih\uo aZfu�

dZgbc dZd \ kZfhf FD>� lZd b gZ i_qZlghc ieZl_� H^bghqgu_ aZfudZgby g_ fh]ml [ulv ^hklh�

\_jgh hij_^_e_gu ih jZkij_^_e_gbyf jbk��� hgb b^_glbnbpbjmxlky ijyfufb baf_j_gbyfb

f_`kljbih\h]h khijhlb\e_gby b ih \hafh`ghklb mkljZgyxlky ^h ijh\_^_gby pbdeZ bhgbaZpb�

hgguo baf_j_gbc�

>jm]hc ijbqbghc m\_ebq_gby qbkeZ kjZ[Zlu\Zgbc y\ey_lky \ha[m`^_gb_ ij_^mkbebl_�

e_c� Ijb ^hklZlhqgh [hevrhf \oh^ghf kb]gZe_ \hafh`gh ihy\e_gb_ djZldh\j_f_gguo hkpbe�

eypbc gZ khk_^gbo ij_^mkbebl_eyo beb gZ \k_o �� dZgZeZo fbdjhko_fu� Ijbqbghc wlh]h wn�

n_dlZ fh`_l [ulv g_^hklZlhqguc aZiZk klZ[bevghklb ko_fu ij_^mkbebl_ey eb[h �qlh [he__

\_jhylgh� g_gZ^z`gZy jZkiZcdZ a_feyguo dhglmjh\ ieZlu ^_l_dlhjZ beb mkbebl_ey� <ha[m`^_�

gb_ mkbebl_e_c ihdZaZgh gZ ijZ\hc ]bklh]jZff_ jbk��� ]^_ \b^gu kh[ulby k [hevrbf qbkehf

h^gh\j_f_ggh kjZ[hlZ\rbo kljbih\�
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Jbk� �� JZkij_^_e_gb_ dhebq_kl\Z kjZ[hlZ\rbo kljbih\ \ FD>� �rZ] �� fdf� b \ FD>�� ��� fdf��
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JZajZ[hlZgZ f_lh^bdZ dhgljhey dZq_kl\Z fbdjhkljbih\uo dj_fgb_\uo ^_l_dlhjh\ ^ey

bo ih^]hlh\db d jZ[hl_ \ nbabq_kdhf k_Zgk_ mklZgh\db K<>� Kha^Zg baf_jbl_evguc kl_g^� ih�

a\heyxsbc hij_^_eblv jZ[hq__ gZijy`_gb_ ^_l_dlhjZ b wnn_dlb\ghklv k[hjZ bhgbaZpbhggh]h

aZjy^Z ^ey dZ`^h]h kljbiZ� Ijb\_^_gu j_amevlZlu bkiulZgbc q_lujzo ^_l_dlhjh\ k rZ]hf

kljbih\ �� b �� fdf� baf_j_ggu_ oZjZdl_jbklbdb kh]eZkmxlky kh ki_pbnbdZpb_c ^_l_dlhjh\�

IhdZaZgZ jZ[hlhkihkh[ghklv \u[jZgguo ko_f jZa\h^db \ukhdh\hevlguo b kb]gZevguo ebgbc

^_l_dlhjZ� Ihemq_g i_j\uc iheh`bl_evguc hiul jZ[hlu k iheguf ljZdlhf we_dljhgbdb mkb�

e_gby b ij_h[jZah\Zgby kb]gZeh\ ljb]]_jghc b imqdh\hc qZklb \_jrbggh]h ^_l_dlhjZ�

�+�&�%�'����$�2�)

>�@ $UGDVKHY (�� HW DO� 3URSRVDO DQ H[SHULPHQW IRU VWXG\LQJ PHFKDQLVPV RI FKDUP SDUWLFOH SURGXFWLRQ

DQG GHFD\V LQ SS�LQWHUDFWLRQV DW �� *H9�F� 3UHSULQW ,+(3 ����� �������

>�@ ;h]hex[kdbc F�X�� E�E� DmjqZgbgh\ E�E�� E_\bpdbc F�K� b ^j� F_oZgbq_kdZy dhgkljmd�

pby ij_pbabhggh]h \_jrbggh]h ^_l_dlhjZ ^ey bkke_^h\Zgbc gZ mkdhjbl_e_ M��� Ij_ijbgl

BN<W �������� Ijhl\bgh� �����

>�@ DmjqZgbgh\ E� E� We_dljhgbdZ kqblu\Zgby \_jrbggh]h ^_l_dlhjZ� Ij_^eh`_gb_� <gmlj�

hlqzl K<> WE � ����� �������

>�@ 3� (UPRORY� 1� (JRURY� '� .DUPDQRY HW DO� 'HVLJQ DQG SHUIRUPDQFH RI WKH IRUZDUG +�GLVNV RI

'� VLOLFRQ WUDFNHUV� Ij_ijbgl GBBYN F=M ��������� �������

>�@ Fhbk__\ :�F� Ijh_dl ij_pbabhggh]h \_jrbggh]h ^_l_dlhjZ mklZgh\db K<>� <gmlj� hlqzl

K<> <> � ����� �������

>�@ -�&� 6DQWLDUG� :� %HXVFK� 6� %X\WDHUW HW�DO *$63/(; D /RZ�QRLVH $QDORJ 6LJQDO 3URFHVVRU IRU

5HDGRXW RI *DVHRXV 'HWHFWRUV� 3UHSULQW &(51�(&3������ �������

>�@ 5HYLHZ RI 3DUWLFOH 3K\VLFV� (XURSHDQ 3K\VLFDO -RXUQDO� Y���� 1��� ������� S� ����

>�@ -�6WUDYHU� 2�7RNHU� 3�:HLOKDPPHU HW DO� 2QH PLFURQ VSDWLDO UHVROXWLRQ ZLWK VLOLFRQ VWULS GHWHFWRUV�

3UHSULQW&(51�33(������ �������

Jmdhibkv ihklmibeZ �� Zij_ey ���� ]�
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=�:� ;h]^Zgh\Z b ^j�

Kl_g^ ^ey baf_j_gbc dj_fgb_\uo kq_lqbdh\ \_jrbggh]h ^_l_dlhjZ mklZgh\db K<>�

Hjb]bgZe fZd_l ih^]hlh\e_g k ihfhsvx kbkl_fu :RUG�

J_^Zdlhj E�N� <Zkbev_\Z� L_ogbq_kdbc j_^Zdlhj G�<� Hjeh\Z�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

Ih^ibkZgh d i_qZlb ����������� NhjfZl ��[����� Hnk_lgZy i_qZlv�
I_q�e� �� ��� Mq��ba^�e� ���� LbjZ` ���� AZdZa ��� Bg^_dk �����

EJ ������� hl ��������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

=GP JN Bgklblml nbabdb \ukhdbo wg_j]bc�

������� Ijhl\bgh Fhkdh\kdhc h[e�
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Bg^_dk ����

��"�����"�#�$�%���	

��	
��������#&�'���������	

�


